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0 Controlled release pharmaceutical preparation and method for producing the same. 

© A controlled release pharmaceutical preparation 
comprising (a) a core containing a pharmaceutical^ 
active substance and an organic acid, and (b) a 
coating film formed on the surface of the core by 
aqueous coating of a water-insoluble and slightly 
water-permeable acrylic polymer containing a 
trimethyiammoni urn-ethyl group, which exhibits well 
controlled dissolution and release of the pharmaceu- 
tical^ active substance when administered and can 
maintain the desired blood level of the active sub- 
stance for a long period of time, and a method for 
producing the preparation. 
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CONTROLLED RELEASE PHARMACEUTICAL PREPARATION AND METHOD FOR PRODUCING THE SAME 



This invention relates to a controlled release 
pharmaceutical preparation and a method for pro- 
ducing the same. More particularly, it retates to a 
controlled release pharmaceutical preparation com- 
prising (a) a core containing a pharmaceutical 
active substance and an organic acid, and (b) a 
coating film formed on the surface of the core by 
aqueous coating of a water-insoluble and water- 
slightly permeable acrylic polymer containing a 
trimethylammonium-ethyl group, and a method for 
producing the same. 

There is. known a sustained-release pharma- 
ceutical preparation which is formed by spray coat- 
ing a core substance containing a pharmaceutical ly 
active substance and an organic acid with an 
ethanol solution of an acrylic polymer containing a 
trimethylammonium-ethyl group (cf. Japanese Pat- 
ent First Publication (Kokai) No. 193913/1985). This 
method is suitable for dissolving and releasing 
gradually the pharmaceutical^ active substance 
when administered, but it is difficult to control the 
initiation time of dissolving and releasing thereof. 

It is also known that when a coating film ap- 
plied to a pharmaceutical preparation has a larger 
thickness, the initiation time of dissolving and re- 
leasing of the pharmaceutical ly active substance 
can be delayed, but the thick coating film affects 
on release of the active substance and hence the 
desired blood level of the active substance is not 
obtained soon after the initiation of the dissolving 
and releasing thereof. 

There is also known a delayed-release phar- 
maceutical form comprising spheroid particles or 
tablets containing a pharmaceutical^ active sub- 
stance (bromhexine or salt thereof) and a phar- 
macologically acceptable acid or acidic substance 
and a coating surrounding said spherioid particles 
or tablets formed with acid-insoluble lacquers solu- 
ble in intestinal juices (e.g. a copolymer of 
methacrylic acid and methacrylic acid ester) or a 
mixture of the acid-insoluble lacquers and lacquers 
insoluble in gastric and intestinal juices (e.g. 
hydroxypropyl methylcellulose phthalate) (cf. U.S. 
Patent 4,438,091). However, this method can still 
not control the initiation time of dissolving and 
releasing of the active substance. 

The present inventors have intensively studied 
as to a pharmaceutical preparation which can show 
well controlled release of the pharmaceuticaliy ac- 
tive substance and found that when a core contain- 
ing a pharmaceuticaliy active substance and an 
organic acid is coated with an aqueous solution of 
a water-insoluble and water-slightly permeable 
acrylic polymer containing trimethylammonium- 
ethyl group, there can be obtained the desired 



controlled release preparation which can inhibit the 
dissolution and release of the pharmaceuticaliy ac- 
tive substance for a fixed period of time and can 
rapidly release the active substance after the initi- 

s ation of dissolving and releasing thereof and further 
can maintain the desired blood level of the active 
substance for a long period of time. 

An object of the invention is to provide an 
improved controlled release pharmaceutical prep- 

70 aration which can control the dissolution and re- 
lease of the pharmaceuticaliy active substance and 
maintain the desired blood level thereof for a long 
period of time. Another object of the invention is to 
provide a method for producing the controlled re- 

is lease pharmaceutical preparation. These and other 
objects and advantages of the invention will be 
apparent to those skilled in the art from the follow- 
ing description. 

The accompanying Fig. 1 shows the test re- 

20 suits of dissolution and release of the pharmaceuti- 
caliy active substance from the theophy I line-con- 
taining controlled release granules having different 
amounts of the coating film as prepared in the 
Experiment, which test was done by paddle meth- 

25 od. In the figure, the numeral 20 % etc. means the 
ratio of coating film to the core. 

According to the present invention there is 
provided a controlled release pharmaceutical prep- 
aration which comprises (a) a core containing a 

30 pharmaceuticaliy active substance and an organic 
acid, and (b) an outer coating film on the surface of 
the preparation, said film being formed by aqueous 
coating of a water-insoluble and slightly water-per- 
meable acrylic polymer containing the 

35 trimethylammonium-ethyl group. 

The acrylic polymer composing the coating 
film includes polymers of acrylic acid, methyl ac- 
rylate, ethyl" acrylate^ methacrylic acid, "methyl 
methacrylate, ethyl methacrylate, etc. which con- 

40 tain trimethylammonium-ethyl group within the mol- 
ecule thereof. Specific example is a copolymer of 
ethyl acrylate, methyl methacrylate and 
trimethylammonium-ethyl methacrylate chloride, 
wherein the trimethylammonium-ethyl methacrylate 

45 chloride is contained in about 0.025 - 0.033 mole 
per 1 mole of the remaining neutral acrylic mon- 
omers. Such an acrylic polymer is available under 
the name Eudragit RS® (manufactured by Rohm 
Pharma, Germany). The above acrylic polymer 

so may be used alone or by combination with a small 
amount of a water-permeable polymer, for exam- 
ple, Eudragit RL® (manufactured by R5hm 
Pharma, Germany). Eudragit™ RS is a water in- 
soluble, water slightly-permeable copolymer of 
ethyl acrylate (EA), methyl methacrylate (MM) and 
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trimethylammonium-ethyl methacrylate chloride 
(TAM) in which the molar radio of TAM to the 
remaining components (EA and MM) is 1:40. 
Eudragit t RL consists of the same components as 
Eudragit t RS, except that the molar ratio of TAM 
to the remaining components (EA and MM) is 1:20. 
The ratio of Eudragit RL to that of Eudragit RS may 
be from 3 to 30%, more particularly 5 to 10% by 
weight. 

The organic acid to be contained in the core 
together with a pharmaceutically active substance 
includes citric acid, succinic acid, fumaric acid, 
malic acid, tartaric acid, gfutaric acid, and the like, 
among which preferred ones are succinic acid, 
fumaric acid, malic acid and glutaric acid, the most 
preferred one is succinic acid. The organic acid 
may be present in an amount of 0.05 to 0.8 parts 
by weight, preferably 0.1 to 0.6 parts by weight, 
based on the weight of the core. 

A core to be coated may be in any form such 
as naked tablets, pills, granules, fine granules, and 
is preferably granulated products having an aver- 
age particle size of about 300 ftm to about 2,000 
fim, more preferably of about 500 pm to about 
1,500 fim. 

The pharmaceutically active substance to be 
contained in the core includes any medicament 
which can be administered by oral route, for exam- 
ple, chernotherapeutic agents, antibiotics, respira- 
tory stimulants, antitussive and antiemetic agents, 
anti-tumor agents, autonomic agents, psychotropic 
agents, local anesthetics, muscle relaxants, agents 
affecting digestive organs, antihistamines, anti- 
dotes, hypnotics and sedatives, antiepileptics, an- 
tipyretics, analgesics and anti-inflammatory agents, 
cardiotonics, antiarrhythmic agents, diuretics, 
vasodilators, antilipaemics, nutrients, tonics and al- 
teratives, anticoagulants, agents for liver diseases, 
antidiabetics, antihypertensives, and the like. The 
pharmaceutically active substance is contained in 
an amount suitable for exhibiting the desired, phar- 
macological activities of each medicament, which 
has been known and varies in accordance with the 
kinds of the medicament. 

Theflpje may also incorporate various conven- 
tional additives, such as excipients, binding agents, 
lubricants, agglomeration inhibitors, and the like. 

The excipients include saccharides (e.g. su- 
crose, lactose, mannitol, glucose, etc.), starches, 
crystalline cellulose, calcium phosphate, and the 
like. The binding agents include polyvinyl alcohol, 
polyvinylpyrrolidone, sucrose, dextrin, hydroxyethyi 
cellulose, hydroxypropyl cellulose, macrogois ( = 
polyethylene glycols), gum arabic, gelatin, agar, 
starches, and the like. The lubricants and agglom- 
eration inhibitors include talc, magnesium stearate, 
calcium stearate, colloidal silica, stearic acid, wax- 
es, hydrogenated oils, polyethylene glycols, so- 



dium benzoate, and the like. 

The coating film is formed in such an amount 
that the acrylic polymer composing the coating film 
is contained in a range of about 0.3 to 1 0 parts by 
s weight, preferably about 0.4 to 5 parts by weight, 
per 1 part by weight of the organic acid contained 
in the core. When the ratio of the organic acid is 
increased, the preparation shows more rapid re- 
lease of the pharmaceutically active substance. 

10 The preparation of this invention can be pre- 

pared by coating a core containing a pharmaceuti- 
cally active substance and an organic acid in the 
form of naked tablets, granules, pills or fine gran- 
ules with, an aqueous dispersion of a water-insolu- 

75 ble and water-slightly permeable acrylic polymer 
containing trimethylammonium-ethyl group. 

The core can be prepared by a conventional 
method as disclosed, for example, Remington's 
Pharmaceutical Science, Vol. 17, 1603-1632, 1633- 

20 1643, issued by Mark Publishing Company, 1985. 
For example, a mixture of a pharmaceutically ac- 
tive substance arid an organic acid and optionally 
further other additives such as excipients, binding 
agents, lubricants, and the like is subjected to wet 

25 extrusion granulation, dry granulation, or the like. 
Alternatively, a binding agent is dissolved in an 
appropriate solvent such as water, a lower alcohol 
(e.g. methyl alcohol, ethyl alcohol, propyl alcohol, 
isopropyl alcohol, butyl alcohol, etc.). a lower al- 

30 kanone (e.g. acetone, methyl ethyl ketone, etc.), 
chloroform, dichloromethane, dichloroethane, and 
the like, and the solution is coated onto inert carrier 
particles together with a pharmaceutically active 
substance and an organic acid by centrifugal 

35 fluidization coating, pan coating, fluidized bed coat- 
ing, or the like, that is, by spraying the solution of 
binding agent onto the inert carrier particles while 
adding portionwise a mixture of a pharmaceutically 
active substance and an organic acid and option- 

40 ally other additives such as excipients, lubricants 
and the like. _ _,_ f . . 

Besides, the pharmaceutically active substance 
and the organic add are not necessarily applied to 
in the form of a mixture thereof, but they may be 

45 applied separately so as to form two or more 
layers, for example, by firstly adhering the organic 
acid onto the inert carrier particles (core) to form a 
layer of the organic acid and thereafter adhering 
thereon the pharmaceutically active substance, vice 

so versa, i.e. by firstly forming a layer of the phar- 
maceutically active substance onto the inert carrier 
particles and thereafter forming thereon a layer of 
the organic acid. 

Alternatively, the organic acid is adhered onto 

55 the carrier particles to form a layer of an organic 
acid and thereon an organic acid-release control 
film comprising a water-insoluble substance (e.g. 
ethyl cellulose, waxes such as hydrogenated oils) 



5 



EP 0 436 370 A1 



6 



is formed, and further a layer of a pharmaceutically 
active substance is formed thereon. 

The inert carrier particles include particles of 
carrier substance, such as sucrose, lactose, starch- 
es, crystalline cellulose, and the like. 

The coating of the acrylic polymer can be 
carried out by spraying the aqueous dispersion of 
the acrylic polymer onto the core containing a 
pharmaceutical^ active substance and an organic 
acid. For instance, the coating can be carried out 
by a conventional coating method which is usually 
used in the preparation of pharmaceutical prepara- 
tions, such as fiuidized bed coating, pan coating, or 
the like. When the coating is carried out by fiuidiz- 
ed bed coating, the core is fiuidized within an 
apparatus with air pressure, during which an aque- 
ous dispersion of an acrylic polymer is sprayed 
through a nozzle of a spray gun onto the core. 

The concentration of the acrylic polymer in the 
aqueous dispersion is not critical but preferable in 
the range of about 5 to 40 w/w % by weight. The 
aqueous dispersion of the acrylic polymer may 
contain other ingredients such as plasticizers, col- 
orants, and the like. The plasticizers include 
triacetin, triethyl citrate, acetyltributyl citrate, diethyl 
phthalate, polyethylene glycol, polysorbate, and the 
like. The plasticizers may be used in an amount of 
about 5 to 50 w/w % by weight based on the 
weight of the acrylic polymer. 

The aqueous dispersion of acrylic polymer 
may also contain a few parts of a hydrophific 
organic solvent (e.g. ethanol, methanol, 
isopropanoi, acetone, etc.) and further agglomer- 
ation inhibitors (e.g. talc, titanium dioxide, etc.). 

After coating, the thus-formed coating film can 
easily be cured by heat-treatment at a temperature 
of about 35 to 100° C. preferably 40 to 70° C. 

Examples 

The present [nv^ntion is illustrated by the fol- 
lowing examples and experiments but should not 
be construed to be limited thereto. 

Example 1 

Nonpareil 103 (trade name of spherical gran- 
ules of sucrose, manufactured by Freund) (particle 
size: 710-840 /im, 500 g) is entered and rolled in a 
centrifugal fiuidized granulator (CF-36) EX, manu- 
factured by Freund) and a mixture of theophylline 
fine powder (300 g) and fumaric acid (500 g) is 
gradually added thereto while spraying a solution 
of sucrose (240 g) in water-ethanol (3:1) (720 g), 
by which the nonpareil is surrounded and coated 
with the active substance and organic acid to give 
theophylline-containing granules. 

The theophylline granules thus prepared (200 



g) are entered into a fiuidized bed coating machine 
(Flow Coater Mini, manufactured by Freund) and 
thereto is sprayed a coating liquid consisting of 
Eudragit RS 30 D® (manufactured by Rohm 
6 Pharma, Germany) (168 g), talc (25 g), triethyl 
citrate (5 g) in water (234 g) with hot air-blowing of 
60 1 C. Thereafter, the mixture is heat-treated at 
60 *C to give controlled release theophylline-con- 
taining granules (280 g). 

70 

Example 2 

Nonpareil 103 (particle size: 500-710 /im, 400 
g) is entered and rolled in a centrifugal fiuidized 

75 granulator (CF-360 EX), and thereto is gradually 
added a mixture of fine powder of ( + )-(2S,3S)-3- 
acetoxy-8-chloro-5-[2-(dimethylamino)ethyl]-2,3- 
dihydro-2-(4-methoxyphenyl)-1,5-benzothiazepin-4- 
(5H)-onemaleate (240 g) and succinic acid (400 g) 

20 while spraying a solution of sucrose (190 g) in 
water-ethanol (3*: 1) (570 g), by which the nonpa- 
reil is surrounded and coated with the active sub- 
stance and organic acid to give granules. 

The granules thus prepared (200 g) are en- 

25 tered into a fiuidized bed coating machine (Flow 
Coater Mini) and thereto is sprayed a.coating liquid 
consisting of Eudragit RS 30 D® (168 g), talc (25 
g), triethyl citrate (5 g) in water (234 g) with hot air- 
blowing of 60 *C. Thereafter, the mixture is heat- 

30 treated at 60 *C to give controlled release granules 
(280 g) containing the above pharmaceutically ac- 
tive substance. 

Example 3 

35 

By using the same materials as in Example 1 
except that fumaric acid is replaced by citric acid 
(400 g), there are prepared theophylline-containing 
controlled release granules (280 g) in the same 
40 manner as described in Example 2. 

Example 4 

By using the same materials as in Example 1 
45 except that fumaric acid is replaced by malic acid 
(400 g), there are prepared theophylline-containing 
controlled release granules (280 g) in the same 
manner as described in Example 2. 

so Example 5 

Nonpareil 103 (particle size: 500-710 ^m, 500 
g) is entered and rolled in a centrifugal fiuidized 
granulator (CF-360 EX), and thereto is gradually 
55 added fine particles of succinic acid (500 g) while 
spraying a solution of sucrose (200 g) in water- 
ethanol (3:1) (360 g) to give succinic acid-contain- 
ing granules. 
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To the granules thus prepared (1000 g) is 
sprayed a solution of ethyl cellulose (40 g) in 
water-ethanol (3 : 7) (360 g), and the resultant is 
dried at 45* C to give granules (1040 g) of succinic 
acid coated with ethyl cellulose. 

The ethyl cellulose-coated succinic acid gran- 
ules thus prepared (500 g) are entered and rolled 
in a centrifugal fluidized granulator (CF-360 EX), 
and thereto is gradually added a mixture of fine 
powder of ( + )-(2S,3S)-3-acetoxy-8-chloro-5-[2- 
(dimethylamino)ethyl>2,3-dihydro-2-(4- 
methoxyphenyl]-1 ,5-benzothiazepin-4(5H)-one mal- 
eate (300 g) and succinic acid (300 g) while spray- 
ing a solution of sucrose. (1 00 g) in water-ethanol (3 
: 1) (300 g) to give granules coated with the phar- 
maceutical^ active substance and succinic acid. 

The granules .thus prepared (200 g) are en- 
tered into a fluidized bed coating machine (Row 
Coater Mini) and thereto is sprayed a coating liquid 
consisting of Eudragit RS 30 D® (168 g), talc (25 
g), triethyl citrate (5 g) in water (234 g) with hot air- 
blowing of 60 'C. Thereafter, the mixture is heat- 
treated at 60 *C to give controlled release granules 
(280 g) containing the above pharmaceutically ac- 
tive substance. 

Example 6 

Nonpareil 103 (particle size: 500-710 pm, 500 
g) is entered and rolled in a centrifugal fluidized 
granulator (CF-360 EX), and thereto is gradually 
added a mixture of fine powder of chlor- 
pheniramine maleate (300 g) and glutatic acid (500 
g) while spraying a solution of sucrose (160 g) in 
water-ethanol (3:1) (480 g), by which the nonpa- 
reil is coated therewith to give granules. 

The granules thus prepared (200 g) are en- 
tered into a fluidized bed coating machine (Flow 
Coater Mini) and thereto is sprayed a coating liquid 
consisting of a mixture of Eudragit RS 30 D® and 
Eudragit RL 30 D® (95 : 5 by weight) (168 g), talc 
(25 g), acetyltributyl citrate (5 g) in water (234 g) 
with hot air-blowing of 60 "C. Thereafter, the mix- 
ture is heat-treated at 60 °C to give controlled 
release granules (280 g) containing chlor- 
pheniramine maleate. 

Experiment 

(1 ) preparation of pharmaceutical preparation: 

Nonpareil 103 (particle size: 500-710 ^m, 200 
g) was entered and rolled in a centrifugal fluidized 
granulator (CF-360 EX), and thereto was gradually 
added a mixture of theophylline fine powder (120 
g). and succinic acid (200 g) while spraying a 25 % 
sucrose-containing water-ethanol (3 : 1), by which 
the nonpareil was surrounded with the powder 



coating to give theophylline-containing granules. 

The theophylline granules thus prepared were 
entered into a fluidized bed coating machine (Row 
Coater Mini) and thereto was sprayed an aqueous 
s dispersion containing Eudragit RS® (1 2 w/w%), talc 
(6 w/w%), triethyl citrate (1 w/w%) at 60 *C with 
controlling the spray amount so as to give various 
coating films having different coating amount. 
Thereafter, the mixture was heat-treated at 60 \C to 
to give controlled release theophylline-containing 
granules having various amounts of coating film. 

In the same manner as described above ex- 
cept that no organic acid was used, there were 
prepared theophylline-containing granules as a 
is control. 

(2) Comparison of the pattern of dissolution and 
release: 

20 Each preparation obtained above was subject- 

ed to the test for dissolving and releasing by Pad- 
dle method (at 37* C, water, 100 rpm) as described 
in 11th Revised Japan Pharmacopeia. 

25 (3) Results: 

. The results are shown in the accompanying 
Figure 1. As is clear from the results, the prepara- 
tion of this invention showed release of the phar- 
30 maceutically active substance with high release 
rate after the lag time even in the different coating 
amounts. 

The pharmaceutical preparation of this inven- 
tion is coated with water-slightly permeable coating 

35 film, and hence, the pharrnaceutically active sub- 
stance is not dissolved and released until a fixed 
period of time elapses, but when the body fluid is 
gradually penetrated into the preparation and there^ 
by the organic acid is dissolved, the water-slightly 

40 permeable polymer is rapidly changed to water- 
permeable, which results in rapid dissolution and 
release of the pharmaceutically active substance. 

The dissolution and release pattern of the phar- 
maceutically active substance owing to the change 

45 of the structure of the coating film is not observed 
in the preparation coated with a solution of the 
acrylic polymer in an organic solvent, but the spe- 
cific dissolution and release phenomenon is char- 
acteristic in the preparation having the coating film 

so formed with the aqueous dispersion as used in this 
invention. 

The mechanism of such a unique dissolution 
and release pattern of the active substance in the 
pharmaceutical preparation of this invention is not 
55 clarified, but is assumed such that the dissolved 
organic acid reacts with the trimethylammonium- 
ethyt group contained in the coating film formed by 
the aqueous dispersion and thereby the water- 
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slightly permeable polymer is changed to a water- 
permeable polymer. 

Besides, by varying the ratio of the coating film 
to the organic acid in the preparation of this inven- 
tion, the degree of changing of from the water- 5 
slightly permeable polymer to the water-permeable 
polymer can be controlled, and thereby, the rate of 
dissolution and release of the pharmaceutical ly ac- 
tive substance can also be controlled. That is, by 
selecting appropriately the amount of the coating ro 
film and further the ratio of the coating film to the 
organic acid, the desired pattern of dissolution and 
reiease of the pharmaceuticaily active substance 
can be obtained. 

The controlled release pharmaceutical prepara- 15 
tion of this invention can be administered as it 
stands, but may be administered in the form of 
capsules filled with granules, fine granules or the 
like of the preparation. 

Moreover, the pharmaceutical preparation of 20 
this invention can maintain the desired blood level 
of the pharmaceuticaily active substance for a long 
period of time after the initiation of the dissolution 
and release thereof, and hence, when it is used in 
combination with a conventional rapid-release prep- 25 
aration, it can maintain the desired blood level of 
the active substance for 24 hours even by one-time 
administration. 

It is to be understood that the film coating of 
the invention may be provided by a mixture of 30 
different polymers provided that the film coating is 
a water-insoluble acrylic polymer film which has 
slight water-permeability so that water can slowly 
permeate the film coating to dissolve the organic 
acid and cause the effects described above. The 35 
molar ratio of the components of the film coating 
may be such as to provide a molar percentage of 
trimethylammonium-ethyl groups of 2.0% to 3.0%, 
and preferably 2.3% to 2.7%. 

40 

Claims 

1. A controlled release pharmaceutical prepara- 
tion which comprises (a) a core containing a 
pharmaceuticaily active substance and an or- 45 
ganic acid, and (b) an outer coating film on the 
surface of the preparation, said film being 
formed by aqueous coating of a water-insolu- 
ble and slightly water-permeable acrylic poly- 
mer containing the trimethylammonium-ethyl 50 
group. 

2. The preparation according to claim 1, wherein 
the organic acid and the acrylic polymer are in 

the ratio of 1:0.3 to 1:10 by weight. 55 

3- The preparation according to claim 2, wherein 
the ratio of the organic acid and the acrylic 



polymer is in the range of 1:0.4 to 1:5 by 
weight. 

4. The preparation according to any one of the 
preceding claims, wherein the acrylic polymer 
is a water-insoluble and slightly water-perme- 
able copolymer of ethyl acrylate, methyl 
methacrylate and trimethylammonium-ethyl 
methacrylate chloride, and the organic acid is 
citric acid, succinic acid, fumaric acid, malic 
acid, tartaric acid, or glutaric acid. 

5. The preparation according to any of the pre- 
ceding claims wherein the core has an average 
particle size of about 300 firn to about 2,000 
^m. 

6. A method of producing a controlled release 
preparation, which comprises coating a core 
containing a pharmaceuticaily active substance 
and an organic acid with an aqueous disper- 
sion of a water-insoluble and slightly water- 
permeable acrylic polymer containing 
trimethylammonium-ethyl group. 

7. The method according to claim 6, wherein the 
organic acid and the acrylic polymer compos- 
ing the coating film are contained in the ratio 
of 1 :0.3 to 1:10 by weight. 

8. The method according to claim 7, wherein the 
ratio of the organic acid and the acrylic poly- 
mer is in the range of 1 :0.4 to 1:5 by weight 

9. The method according to claim 6, wherein the 
acrylic polymer is a water-insoluble and slight- 
ly water-permeable copolymer of ethyl ac- 
rylate, methyl methacrylate and 
trimethylammonium-ethyl methacrylate chlo- 
ride, and the organic acid is a member se- 
lected from the group .consisting of citric acid, 
succinic acid, fumaric acid, malic acid, tartaric 
acid, and glutaric acid. 

10. The method according to claim 6, wherein the 
core has an average particle size of about 300 
Mm to about 2,000 /*m. 
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